In this paper, the authors report on the design of a population-based case-control study of family history as a risk factor for coronary heart disease (CHD). They studied the characteristics of subjects who completed a detailed family history questionnaire in 1992-1994 as well as the accuracy of recall of family history in order to quantify both selection and recall biases. Coronary disease cases were enrolled through the Newcastle MONICA Project (Monitoring Trends and Determinants in Cardiovascular Disease), which registered all suspected heart attacks and sudden cardiac deaths in the Lower Hunter region of New South Wales, Australia, between August 1984 and March 1994. Controls were selected at random from the New South Wales electoral roll. The response rate was 76% in cases and 62% in controls; the major factor associated with participation in the study was perceived family history of CHD, more so in the control series than in the case series. Accuracy was determined by comparing information obtained from the proband with that recorded on death certificates. In first-degree relatives, sensitivity of CHD recall was 85% (95% confidence interval (Cl) 74-92%) in cases and 95% (95% Cl 84-99%) in controls, while specificity was 59% (95% Cl 49-69%) and 74% (95% Cl 65-82%), respectively. The net bias in both selection and recall is toward the null and hence the comparisons provide a conservative estimate of risk of CHD associated with a positive family history. Am J
The goals of the Newcastle Family History Study conducted in New South Wales, Australia, are to define a high-risk strategy (1) for the prevention of coronary heart disease (CHD) in the population based on family history of CHD. We determined the prevalence of a positive family history, defined in various ways, and the risk of a coronary disease event associated with fulfillment of these definitions.
In this paper, we describe the design of the study and consider the likely direction of biases. We have estimated the biases in order to assess their potential impact on the case-control estimates of risk associated with a positive self-reported family history of CHD (2) .
Based on the characteristics of respondents, we calculate population selection probabilities (3, p. 194) , the relative probability of a person participating in the study, according to their perception of their family history. We also investigate bias in recall of family history of CHD.
MATERIALS AND METHODS

Selection of cases
Coronary disease cases were identified through the Newcastle MONICA Project (4) . MONICA (Monitoring Trends and Determinants in Cardiovascular Disease) registered all suspected cases of heart attack and sudden cardiac death in persons aged between 25 and 69 years in the Lower Hunter region of New South Wales between August 1984 and March 1994. This case series is directly comparable with the source population (residents of the five local government areas in the Lower Hunter region).
Recruitment to the Family History Study began on February 1, 1992 and ended on March 31, 1994. We enrolled subjects with a MONICA diagnosis (5) of definite or possible myocardial infarction in six age and sex strata (males under age 65 years, females under age 70 years). MONICA cast a wide net and recruited patients admitted to hospital whose presentation was consistent with suspected myocardial infarction, including some with arrhythmias, valvular heart disease, etc. Some of those enrolled subsequently had a final MONICA diagnosis of "not myocardial infarction."
Because the majority of MONICA registrants are older males, we recruited study subjects sequentially and stopped recruiting older males on August 31, 1993. Recruitment of other participants continued throughout the study period. When the patient was interviewed by the MONICA nurse in hospital, the Family History Study introductory brochure was given to the patient directly. Subjects who were discharged before being seen by the MONICA nurse were sent the brochure by mail. In either case, the introductory questionnaire was completed without the assistance of the MONICA nurse.
MONICA also monitored the death registries to identify out-of-hospital deaths, and sent a questionnaire to their family to ascertain the prior health status of the deceased. We obtained a short family history by proxy from the surviving spouse or next-of-kin.
Selection of controls
In order to represent the source population, we invited a stratified random sample from the nine Hunter districts of the New South Wales electoral roll which correspond to the five local government areas covered by the MONICA survey. Voter registration is required by law in New South Wales and we conducted a single mail-out in 1992, using three age strata as for the case series. The theoretical sampling frame for the study is shown in figure 1 , according to the "study base" schema described by Miettinen (6) . Coronary heart disease cases may present with angina pectoris or myocardial infarction (Ml); they may or may not be hospitalized; they may or may not survive. Only cases with fatal or hospitalized nonfatal Ml or unstable angina are registered by the MONICA Project. Cases in the defined age range who survived were invited to participate in the Family History Study.
Hunter population
Short questionnaire
To study the characteristics of nonparticipants, we obtained an abbreviated questionnaire from eligible subjects as part of the consent procedure. Information sought included age, sex, level of education, occupation, prior CHD status, major coronary disease risk factors, and a short family history. The questions on family history clarified which relative was affected, but not age at onset of CHD.
Validation of detailed family history
We used a modified form of the family history questionnaire developed in Utah (7), in which subjects first mapped out all their first-and second-degree relatives and then provided detailed information about each. An excerpt from the family history questionnaire is shown in figure 2. All participants who returned the questionnaire by June 1993 were eligible for the validation substudy.
Death certificate searches. We sought to obtain death certificates on all relatives reported by the proband to be dead or for whom vital status was unknown. Searches were conducted in batches with the collaboration of the Registrar of Deaths in each Australian state. Information required for effective location of death certificates was name, date and place of death, and names of parents.
Coding: CHD and other disease status
Death certificates. Death certificates were coded by one experienced person according to the World Health Organization International Classification of Diseases, 9th revision (ICD-9). Up to six causes of death were entered using the four digit ICD-9 code. ICD-9 codes 410-414 inclusive and 429.7 were classified as "definite CHD" while "all heart disease" included the codes for possible CHD, heart failure, rheumatic or non-rheumatic valvular disease and other conditions. We included as "cancer" all neoplasms, whether benign or malignant (ICD-9 codes 140-239 inclusive).
Family history questionnaire. The cause of death as reported by the proband was coded by one experienced physician. For CHD, we defined definite and possible categories; cancer sites were coded individually and the three most common sites (lung, breast, and colon) were combined.
Follow-up of nonrespondents. Two reminder letters were sent in the event that the introductory questionnaire was not returned. For comparison, we report demographic and risk factor profiles of both respondents and nonrespondents of similar age and sex in an earlier Risk Factor Prevalence Study in the region (8) . 
Statistical methods
Selection. We used logistic regression analysis (SAS Institute, Cary, North Carolina) to study which variables independently predicted participation among people who returned the introductory questionnaire. To study the impact of selection bias on the estimates of coronary risk associated with a positive family history, we estimated selection probabilities according to the method of Kleinbaum et al. (3, p. 194) . We expected that rates of both participation and completion would depend on the subjects' family history of CHD. We studied the bias leading to participation (i.e., joining the study at all) and completion (returning the detailed questionnaire) in separate analyses. Using the notation of Kleinbaum et al. (3), we denote a, /3, y, and 8 as the selection probabilities, OR" as the estimated odds ratio based on information obtained from the study population (those who participated or completed, respectively) and OR as the estimated odds ratio had information been obtained from the whole source population. Then odds ratio bias = (OR° -OR)/OR = aS//3y -1.
There is no net bias if cdy = /3/8.
Recall. In separate analyses, we studied accuracy of recall of the three categories of disease-CHD, all heart disease, and cancer-using the diagnosis recorded on the death certificate as the gold standard. In the main analysis, we included only those relatives for whom disease status was definitively reported as "yes" or "no." In sensitivity analyses, we reclassified "don't know" as "no."
Crude analysis. We first used the relative as the unit of analysis, ignoring the cluster effect resulting from information about relatives being provided by the proband. We quantified the sensitivity and specificity of disease reporting separately for first-and seconddegree relatives and computed exact binomial confidence intervals (9) . For the difference between the MONICA and electoral series, 95 percent confidence limits were calculated using the Gaussian approximation (10) . To study other determinants of accuracy, we performed multivariate logistic regression analysis with agreement (yes/no) as the outcome variable and two groups of explanatory variables: proband factors (including MONICA or electoral status, age, sex, education level, and ethnic origin) and relative factors (degree of relationship, year of death, and place of death).
Cluster analysis. Because responses about relatives were obtained from the proband rather than the relative directly, these are not independent. We adjusted for the intra-family correlation in accuracy by the method of Zeger and Liang (11, 12) using the SAS macro GEE (SAS Institute, Cary, North Carolina).
Adjustment for recall bias. To evaluate the impact of differential misclassification on the case-control estimates of risk associated with a positive selfreported family history of CHD, we used the matrix correction methods described by Greenland and Kleinbaum (13) and Drews and Greenland (2) . In this analysis, a CHD event in any relative could render the family history "positive" and thus agreement could arise even when a different relative was affected. We also studied the extent of bias based on comparisons of the individual relative (i.e., accurate reporting that any particular relative was affected).
RESULTS
Recruitment of MONICA cases
During the study period, 1,444 eligible persons admitted to hospital with suspected acute myocardial infarction in the target age range were reported to us by the MONICA Project. Of these, 1,335 (92 percent) had a final MONICA diagnosis of "definite" or "possible" myocardial infarction. A total of 118 (8 percent) had a short hospital stay and were not seen by the MONICA study nurse prior to discharge and 13 (1 percent) had died prior to registration.
Demographic characteristics of those who did not reply (nonrespondents) and those who declined to participate (nonparticipants) are given in table 1, along with similar data for those who consented and who completed the detailed family history questionnaire. Overall, 1,092 (76 percent) responded to the introductory brochure, with the lowest response rate being among the subjects not seen in hospital. A total of 831 persons (58 percent) consented to the study, of whom 432 (30 percent) completed the detailed questionnaire. In regard to the final MONICA diagnosis, nonrespondents had similar frequencies of "definite" or "possible" myocardial infarction. They were more likely to be younger males and to have been admitted to one of the peripheral Hunter hospitals, and less likely to be nonsmokers. Nonparticipants included a higher proportion of older females and those of lower education status. A "positive" family history of CHD was reported by 82 percent (680/831) of participants and 67 percent (175/261) of nonparticipants. The positive family history was attributed to report of CHD in a first-degree relative in 74 percent and 63 percent, respectively. These characteristics were similar in those who provided a short family history only and those who completed the detailed questionnaire.
Recruitment of electoral roll controls
A total of 1,026 persons from the Hunter region population were invited. Of these persons, 637 (62 percent) replied and returned the short questionnaire. Out of the 637, a total of 379 persons (37 percent) consented and 248 (24 percent) completed the detailed family history questionnaire; the breakdown of their demographic characteristics is shown in table 2.
As observed with the case series, older females and persons of lesser education status were less likely to participate. A "positive" family history of CHD was reported by 72 percent (273/379) of participants and 50 percent (130/258) of nonparticipants, and was attributed to a first-degree relative in 58 percent and 44 percent respectively. These characteristics were similar among persons who provided a short family history only and those who completed the detailed questionnaire.
For comparison, table 3 gives age-and sex-weighted frequencies of key variables in both the 1988-1989 (8) and 1994 (14) Hunter Risk Factor Prevalence Studies, the 1989 National Heart Foundation Risk Factor Prevalence Study (15) , and the 1987-1988 Newcastle Health Survey (16) . The response rates in these surveys ranged from 64 to 80 percent. As shown in table 3, the frequencies of major risk factors in the Family History Study nonparticipants were similar to these surveys.
Multivariate analysis: predictors of participation
Among the people who returned the introductory questionnaire, participation was significantly more likely among the MONICA subjects than the electoral Am J Epidemiol Vol. 147, No. 12, 1998 SD, standard deviation; Ml, myocardial infarction; CHD, roll subjects, females, persons aged 40-49 years, nonsmokers, those who had completed education beyond high school and those with a "positive" family history of CHD (OR = 1.7). The detailed questionnaire was significantly more likely to be completed by electoral roll subjects, nonsmokers, and persons of advanced educational status. Persons who answered "don't know" to the initial question about family history were less likely to return the detailed questionnaire (OR = 0.5).
Population selection probabilities according to family history of CHD
In both the MONICA series and the electoral roll series, the most important participation bias was that associated with a family history of CHD. The actual sampling frame which operated is shown in figure 3 , according to the schema of "target" and "actual" populations described by Kleinbaum et al. (3) . The relative frequencies of participating in this study according to family history of CHD and source (MONICA or electoral roll) are given in table 4. For both participation and completion, the observed bias is toward the null (-17 percent and -10 percent, respectively).
Validation substudy
The demographic characteristics of the 124 MONICA participants and 135 electoral roll participants included in the substudy were similar to those of the participants in the overall study, except that they included a higher proportion of older males.
Death certificate search. "Don't know" responses were more common in the MONICA series. Accordingly, retrieval was somewhat better for the relatives of electoral roll subjects (first-degree, 86 percent; second-degree, 82 percent) than the MONICA subjects (first-degree, 77 percent; second-degree, 70 percent * Age-and sex-adjusted estimates were obtained by direct standardization to the age and sex distribution of the Newcastle Family History Study.
t RFPS, risk factor prevalence survey; NHF, National Heart Foundation; CHD, coronary heart disease.
shown in table 5. For first-degree relatives, recall of both CHD and all heart disease was consistently better in the electoral series. The greatest source of misclassification was report of CHD by the proband and report on the death certificate of "other heart disease" or "not heart disease." Of relatives who were wrongly labeled as dying from CHD, 19 percent died from other cardiac diseases and 21 percent from non-cardiac causes. For patients who died from heart diseases other than CHD, the proband reported this as CHD in about 60 percent. In second-degree relatives, both sensitivity and specificity of CHD recall were similar in the two series. Recall of cancer was much better than recall of CHD (overall accuracy, 93 percent in first-degree relatives and 89 percent in second-degree relatives). Cluster analysis. We examined the impact of the cluster nature of responses about relatives by repeating all analyses using the generalized estimating equations of Liang and Zeger (11, 12) . The largest cluster effect (within-proband correlation = 0.12, z = 3.6, p < 0.001) was for specificity of recall of heart disease. All results were similar to the crude analysis, which assumed independence.
"Don't know" responses. To examine the impact of "don't know" responses, we reclassified the "don't know" responses as "no." When we did this, sensitivity fell in all strata, with a parallel improvement in specificity and with overall accuracy little affected.
Extent of recall bias. For the definition "one or more first-degree relatives with CHD at any age," the estimated recall bias was -45 percent; for "one or more first-degree relatives with CHD before age 60," it was -37 percent (a negative bias is toward the null, i.e., conservative). However, we found that the bias was unfavorable when analyzed under a "worst case" scenario. That is, with sensitivity and specificity in cases and controls set at the 25th or 75th centile (whichever was least favorable), the direction of recall bias was reversed.
In figure 4 , we describe the analysis based only on the correct relative being identified. We present these as graphs which show the maximum case-control differences in sensitivity and specificity which can be tolerated without biasing the odds ratio by more than 20 percent. This shows that, for the range of sensitivity and specificity observed, differences in recall are unlikely to exert any substantial bias on the estimated risk associated with a positive family history of CHD.
DISCUSSION
In this paper, we have attempted to quantify the selection biases inherent in studies of this type. First, because subjects were invited to join the "Family History Study," we expected that those who considered themselves to have a positive family history of CHD would be more inclined to participate. This participation bias was found to be differential in that it was greater in the electoral roll series than in the MONICA series. The bias is toward the null and adds a safety margin for the case-control comparison to estimate the risk of CHD associated with a positive family history.
Second, case-control studies are often criticized for the potential for recall bias (17) . However, empirical studies (18, 19) have shown that recall bias is often less of a problem than expected . We found that recall of CHD was better among the controls than among the cases. Such an observation may appear to be counterintuitive, because admission to hospital should provide a memory jog to improve recall of family history of heart disease. This is likely to be due to the selection factors encountered. That is, in the electoral roll series, subjects who were unable to provide accurate information tended not to participate in the first instance. The observed differences in sensitivity and specificity bias the odds ratio in opposite directions, but the overall effect is conservative. On the one hand, false negative recall by cases leads to underreporting of affected relatives. On the other hand, false positive responses increase the frequency of reported family history. The net effect results because death from CHD is a common exposure and the odds ratio is not so sensitive to case-control differences in specificity (2) .
The results of the crude and cluster analyses are essentially the same, even though we found a significant cluster effect when we examined specificity of recall of heart disease. This showed that a small num- ber of better educated probands contributed consistently more accurate information. The analysis in which "don't know" responses were reset to "no" gave qualitatively similar results. Despite self-selection by persons who were relatively more aware of their family history, accuracy in the control group was not as good as that reported in Framingham, Massachusetts (20) , Ireland, and France (21), or in Utah (22) , where family ties are strong and genealogic information is well documented. Although the case-control comparison is based on both fatal and nonfatal heart disease, the validation substudy was based only on deceased relatives. While some investigators (23) recommend review of medical records, the use of hospital records as the gold standard for nonfatal heart disease in this population would be dubious. In the Newcastle region, the validity of death certificates has been shown (24) to be much better than hospital diagnostic coding, using MONICA criteria as the gold standard. We would expect information about living relatives to be no more accurate.
Because our goal is to derive population-based estimates of CHD risk associated with family history, we would like to know the extent to which our study sample reflects the Hunter region population. We were unable to estimate the response bias associated with family history, because no family history information is available for persistent nonrespondents. Instead, we examined their demographic data and found those data to be similar. We have calculated that 8 would have to be as high as 0.55 to offset the observed safety margin and the direction of all observed biases would have to be reversed.
The final case-control comparison of precise family history definitions, described in the companion paper, Paper II (25) , is based only on those who completed the detailed questionnaire. We have shown that although the participation and completion rates are fairly low, there are no important differences between these and other eligible subjects. Furthermore, selection factors led to a study population in which recall bias was generally in a conservative direction. The net biases are toward the null for the case-control comparison.
